Three experiments tested the hypothesis that the deficit underlying agrammatic sentence production difficulties can be characterized as a limitation of computational resources and that these resources are not restricted to syntactic processing. This hypothesis was tested by eliciting subject-verb agreement errors in a sentence fragment completion paradigm. Sentence fragments were complex noun phrases, containing a subject (head) noun and a modifying prepositional phrase, containing a ''local'' noun. We varied the number of ''tokens'' a singular head noun referred to. Therefore, in one condition, grammatical and conceptual number of the head noun mismatched, whereas these numbers were the same in another condition. In Experiments 1 and 2, we observed an effect of this variable (i.e., more agreement errors when conceptual number was plural and grammatical number singular) in normal controls. Broca's aphasics, on the other hand, showed no effect. Experiment 3 consisted of a sentence/picture matching test. This test showed that the lack of effect with Broca's aphasics cannot be attributed to a comprehension deficit. We argue that these results are incompatible with the notion of a limitation in resources specific for syntactic processing. Instead, we interpret this as the result of a tradeoff: Broca's aphasics lack computational resources to take into account both grammatical and conceptual information in morphosyntactic processing and rely on grammatical information only.
can be characterized as the result of a limitation in computational resources (e.g., Caplan, Baker, & Dehaut, 1985; Caplan & Hildebrandt, 1988; Frazier & Friederici, 1991; Hagiwara, 1995; Hartsuiker & Kolk, 1998; Kolk, 1995; Kolk & Van Grunsven, 1985; Linebarger, Schwartz, & Saffran, 1983; Martin & Romani, 1994; Miyaki, Carpenter, & Just, 1994 . However, there is considerable debate about the specificity of these resources. For instance, Just and Carpenter (1992) presented a theory of a general verbal working memory which is used for different levels of processing within sentence comprehension (however, they do suggest that there is a separation between resources applying to production and comprehension). On the other hand, Martin and colleagues (Martin, 1995; Martin & Romani, 1994; Martin, Shelton, & Yaffee, 1994) conceive of resources as specific for each level of processing. For instance, Martin and Romani (1994) report upon one aphasic patient (A.B.) who shows decreased performance with memory load in a sentence anomaly judgment task, but not in a grammaticality judgment task, and another aphasic patient (M.W.) who shows the reverse pattern of results. Caplan and colleagues (e.g., Caplan & Waters, 1995; Waters & Caplan, 1996) favor a different fractionating of resources, i.e., a fractionating into one pool that is used for online computation of sentence structure and another pool that is involved in conscious, verbally mediated tasks. However, they leave open the question of whether these putative resource pools should be further divided (Waters & Caplan, 1996) .
In the present article we focus on the question of how specific the resource limitation is in sentence production. We test Broca's aphasics in a constrained production task, which requires morphosyntactic processing: constructing agreement between subject and verb. Getting agreement right is necessary in almost every sentence a speaker produces (in most of the world's languages). It is usually unproblematic, even in patients who produce many paragrammatisms in spontaneous speech (Butterworth, Panzeri, Semenza, & Ferreri, 1990 ). We present evidence for the claim that Broca's aphasics suffer from an impairment in verbal working memory resources and that these limited resources are not specific to syntax, but are involved both in syntactic and semantic processes.
One of the earliest papers in which the notion of a resource limitation was proposed was a study by Linebarger et al. (1983) . In this study, four agrammatic patients were required to judge syntactically anomalous sentences. All of these patients showed agrammatic comprehension in picture-pointing tests. Quite surprisingly, these patients were able to correctly judge grammaticality of a wide variety of constructions. This finding clearly disagrees with many theories of agrammatic comprehension which seem to locate the agrammatic deficit in part of the parsing device itself (Berndt & Caramazza, 1980; Grodzinsky, 1986) . Linebarger et al. suggested two possible explanations of the discrepancy between grammaticality judgment and compehension. First of all, the deficit could reside in the mapping of syntactic represen-tations on semantic objects such as thematic roles, rather than in parsing. Second, because of a lack of computational resources, there could be a tradeoff between syntactic and semantic processing. A task requiring both syntactic and semantic analysis would overload the processing capacity, but a task requiring mainly syntactic analysis or mainly semantic analysis would not. These two hypotheses have received attention in a number of subsequent studies (Kolk & Weijts, 1996; Schwartz, Linebarger, Saffran, & Pate, 1987) . Schwartz et al. (1987) rejected the trade-off hypothesis because they failed to find an effect of syntactic complexity (''padding'' sentences) in a semantic anomaly judgment task. However, in line with the mapping hypothesis, they did obtain effects of argument movement. They reasoned that argument movement leads to a more difficult mapping and that if agrammatic comprehenders have problems in mapping syntactic structure to semantic roles, sentences with argument movement should indeed be more difficult. Recently, Kolk and Weijts (1996) presented evidence for the opposite view, that the trade-off hypothesis is in fact more plausible than the mapping hypothesis. They argued that Schwartz et al.'s complexity manipulation (conjoining sentences) was insufficient. They replicated Schwartz et al.'s experiment, but added a new condition: center-embedded sentences. In the latter condition, there were complexity effects, as predicted by the trade-off hypothesis. Furthermore, Kolk and Weijts (1996) proposed that the trade-off hypothesis may even be a better alternative than the mapping hypothesis, because the mapping hypothesis makes no predictions concerning phrase-structure complexity, whereas the trade-off hypothesis predicts effects of phrase-structure complexity as well as effects of movement. Indeed, a computational model of parsing, based on Just and Carpenter's (1992) theory of sentence comprehension, successfully simulates effects of phrase-structure complexity as well as effects of movement (Haarmann, Just, & Carpenter, 1997) .
Because the trade-off hypothesis thus seems a reasonable alternative to the mapping hypothesis as an account of agrammatic comprehension, we consider it an important question whether evidence for a similar kind of trade-off can be obtained in agrammatic sentence production. In order to test the trade-off hypothesis in production, we need to show that there are situations in which normal speakers simultaneously apply information from different components. Therefore, in the remainder of this section, we first discuss some examples of production tasks in which speakers rely on syntactic as well as semantic information. Then we discuss an example from sentence comprehension in which a trade-off between syntactic and semantic processing occurs when resources can be assumed to be scarce. Finally, we present our specific hypothesis and show how we test it.
The first example of usage of multiple information components deals with computation of the correct form of a reflexive pronoun. Bock and colleagues (Bock, 1995; Bock, Eberhard, & Cutting, 1992) reported evidence for semantic control of constructing agreement between reflexive pronouns or the pro-nouns in tag questions with their antecedents in production. In their experiment, subjects had to repeat sentence fragments and complete them using reflexive pronouns or tag questions. Sentence fragments consisted of a complex Noun Phrase (NP) and a main verb not marked for number (1a and 1b). The critical manipulation concerned the conceptual number of the head noun. Sometimes the head noun was collective, i.e., conceptually plural (1a) and sometimes it was conceptually singular (1b). The dependent variable was the proportion of pronoun number agreement errors. The results were clearcut: Following a conceptually plural head noun, participants were more likely to make errors in tag questions and reflexive pronouns, both within and across clauses. These results support the notion that the process of constructing pronoun agreement accesses the discourse model. However, it cannot be the case that this process is entirely driven by semantics. Consider the following examples, taken from Pollard and Sag (1994) .
(2a) The faculty is voting itself a raise (2b) The faculty are voting themselves a raise (2c) *The faculty are voting itself a raise (2d) *The faculty is voting themselves a raise
In British English, a collective noun such as faculty allows either a singular verb (2a) or a plural verb (2b). This does not mean that the number of the subject NP is unspecified, because once the speaker has dedicated herself to singularity or plurality, the inflection of the pronoun has to agree with that of the verb. Thus, (2c and 2d) are ungrammatical. A purely semantic theory of pronoun agreement cannot explain these data (for instance, if one has a noncollective notion of ''the faculty voting,'' but a collective notion of ''the faculty receiving a raise,'' (2d) should be acceptable). Therefore, we conclude that construction of pronoun agreement relies upon both semantic and syntactic information.
It is important to note here that agrammatic comprehension of sentences with reflexive pronouns and tag questions has received scrutiny in Linebarger et al.'s (1983) study. The agrammatics, while generally being quite capable of performing grammaticality judgments, performed significantly worse on sentences containing tag questions and reflexive pronouns. According to Linebarger et al. (1983) , this pattern of results can be expected if the tradeoff hypothesis is correct. Problems with reflexives and tag questions follow from the assumption that (lexical) semantic encoding is shallow in a task requiring syntactic analysis. The agrammatic participant has insufficient resources for both parsing the sentence and incorporating information on number and gender in a semantic representation. Therefore, information neces-sary to evaluate the acceptability of the tag question or reflexive pronoun is missing when such an element is subsequently encountered. 1 Importantly, evidence for a process that requires the speaker to simultaneously apply semantic and syntactic information has also been obtained with a slightly different task. Analogous to the subject-pronoun agreement experiments described above, semantic influences on the production of subject-verb agreement have been studied. Bock and Miller (1991) presented participants with sentence fragments, which had to be repeated and completed. Sentence fragments consisted of complex NPs which contained a head (subject) noun, and a ''local noun,'' embedded within a modifier. For instance, a sentence fragment could be (3).
(3) The king of the colonies The dependent variable was the proportion of subject-verb agreement errors in the various conditions of these experiments. One manipulation concerned the conceptual number of the head noun. This could be singular, as is its grammatical number, as in (4a). However, conceptual number could also be plural, as in (4b).
(4a) The baby on the blankets (4b) The label on the bottles In (4a), there is only one baby. Such a sentence fragment is called a ''single token'' fragment. In (4b), the head noun label has to refer to a multitude of labels (one on each bottle) in order to be in line with our world knowledge. Such items are called ''multiple token'' or ''distributive'' items. If, during the process of subject-verb agreement construction, the speaker takes semantic factors such as the conceptual number of a head noun into account, more errors should be observed following a multiple token item than following a single token item. Although such an effect was absent in Bock and Miller's (1991) study with English speaking subjects, Vigliocco and colleagues (Vigliocco, Butterworth, & Semenza, 1995; Vigliocco, Butterworth, & Garrett, 1996a; Vigliocco, Hartsuiker, Jarema, & Kolk, 1996b) have consistently found conceptual effects in Italian, Spanish, Dutch, and French. Although it is at present unclear why effects with conceptual number have not been firmly established in English, the evidence suggests that speakers take both information from the discourse model and grammatical information (number) into account when performing a morphosyntactic process such as construction of subject-verb agreement.
There are also examples from parsing, showing that the process of constituent structure generation takes into account syntactic as well as semantic information (Trueswell, Tanenhaus, & Garnsey, 1994) . In these experiments, sentences that were locally ambiguous with respect to a main clause or reduced relative clause reading were presented in an eye-tracking paradigm. For instance, (5a and 5b) are locally ambiguous upon encountering the verb examined.
(5a) The evidence examined by the lawyer . . . (5b) The defendant examined by the lawyer . . . These sentence fragments differ in an important respect. The subject noun in (5a), evidence, is not a good agent of the verb to examine, because it is inanimate. On the other hand, the subject noun of (5b) can be the agent of to examine, for instance in (6).
(6) The defendant examined the courtroom. Do comprehenders take this semantic information into account? If they do, fixation times on the part of the sentence in which the ambiguity is resolved (the by-phrase) should be shorter in those sentences in which semantic information constrains interpretation. Ferreira and Clifton (1986) , who were the first to address this question, found no such effect: Fixation times on the byphrases were equally long. However, this may have been due to a too-weak manipulation of the conceptual variable. Some verbs, similar to examine may taken an inanimate entity as an instrument, as in the car towed. . . , or may have an ergative reading, as in the thrash smelled . . . (examples taken from Trueswell et al., 1994, p. 289) . Indeed, Trueswell et al. (1994) did obtain longer reading times for the ''defendant'' sentences, with different materials. Just and Carpenter (1992) also found effects in this task. They too eliminated from the materials sentences such as the car towed. . . . Moreover, they showed that the occurrence of an effect depended on the verbal working memory capacity of their subjects. They divided the participants into groups with low and high spans of verbal working memory, as determined with the reading span task (Daneman & Carpenter, 1980 ). The reading span task tests recall of sentence-final words in a paradigm that taxes both hypothesized components of verbal working memory: storage and processing. It turned out that participants with high reading span scores would take into account semantic and syntactic information, but that participants with low spans did not.
2 Just and Carpenter (1992) concluded that verbal working memory can be conceived of as a general pool of resources, used for syntactic as well as 2 Notice that Waters and Caplan (1996) pointed out that when one compares the reduced relative clauses with the control condition, unreduced relative clauses, one can still maintain that both groups of participants were garden-pathed in both types of sentence. Although this is certainly true, it is still the case that the two groups make differential use of the animacy cue: High-span speakers use the animacy cue, but it is insufficient to completely avoid the garden path. Low-span speakers, on the other hand, do not use the animacy cue. Such a notion of an animacy cue as a ''gentle force,'' influencing, but not fully determining, garden-pathing, seems compatible with modern constraint-satisfaction approaches (e.g., Trueswell et al., 1994) . semantic processing. When there is enough capacity, one can use both types of information simultaneously. However, when there is not enough capacity, one will rely on only one source of information, the source of information most valid for the task at hand: syntactic information.
Given the assumptions that in principle speakers and comprehenders can take both syntactic and semantic information into account, that the degree to which they are able to do that depends on computational resources, and that Broca's aphasics have a severe limitation in the resources necessary to draw upon different information components, we predict that Broca's aphasics, as opposed to normals, should be unable to apply both semantic and syntactic information in morphosyntactic processes of sentence production. In order to test this hypothesis, we presented a group of agrammatic speakers and a control group of healthy adults with sentence fragments similar to the ones used by Vigliocco et al. (1996b) , 3 that is, complex NPs with either a conceptually plural reading or a conceptually singular reading. We will refer to the second (immediately preverbal) noun in the preambles as the ''local'' noun. Experimental sentence fragments all had grammatically singular head nouns and grammatically plural local nouns. Control sentence fragments were variants of the experimental sentence fragments, but had singular local nouns. The main motivation for including control conditions is that single and multiple token items are bound to differ with respect to lexical content and perhaps with respect to many other variables. Such idiosyncratic factors may be responsible for differential rates of randomly occurring errors (cf. Bock, 1995) . In order to control for such idiosyncratic factors one needs to evaluate any differences between the multiple and single token items with respect to control items that have grammatically singular local nouns. Examples of experimental materials are provided in Table 1 .
It is essential to notice that the local noun needs to be plural in order to obtain a conceptually plural reading of the subject. In the remainder of this paper, we will often refer to an effect of conceptual number as a distributivity effect. Such an effect thus entails that there are more errors in the multiple token condition than in the single token condition, but no such difference exists between the multiple token control and single token control conditions. Notice that we will talk about a ''multiple token'' control condition, even though there is only one label in the label on the bottle.
We will also talk about an attraction effect. That refers to a main effect of number match between head and local noun, so that there are more agreement errors in the number mismatch conditions (the single token and multiple token conditions) than in the number match (control) conditions.
From the hypothesis of an aspecific, semanticosyntactic resource limitation in Broca's aphasia, it follows that agrammatics are unable to rely on both cues. Instead, when constructing subject-verb agreement they will use the cue most relevant for the task at hand: the grammatical number of the subject. Notice that it might also be argued that in the face of an aspecific resource limitation the speaker would more often rely on the semantic number instead of the grammatical number. Although we admit this possibility, we do not think it is likely, because in Dutch, the grammatical number always specifies correct agreement whereas the conceptual number does not. 4 In terms of the competition model, proposed by Bates and MacWhinney (1982) , grammatical number has a higher cue validity. We assume that in the face of a resource limitation, Broca's aphasics will rely on the more valid cue, grammatical number. Given that assumption, we predict that Broca's aphasics, as opposed to normal controls, are not sensitive to a mismatching conceptual number. In other words, there should not be an increased number of errors in the multiple token condition for Broca's aphasics.
What would follow from an alternative hypothesis, the hypothesis that agrammatics suffer from a limitation in resources specific for syntactic processing or that they have problems with specific syntactic operations (cf. Caplan & Waters, 1995; Martin, 1995) ? From such hypotheses, different predictions could be derived. If specific syntactic resources were limited, agrammatics may be unable to maintain the (grammatical) number of the subject. Because number of the subject noun would tend to be forgotten or would be weakly represented relative to the number of the local noun, such a specific resource limitation could result in relatively strong interference from the local noun. A syntactic resource limitation would then lead to a stronger than normal attraction effect. Alternatively, if syntactic operations were specifically impaired, agrammatics may overrely on semantic information, as they do in comprehension (e.g., Caramazza & Zurif, 1976) . That would result in a stronger than normal distributivity effect.
A similar experiment with a single agrammatic patient and a conduction aphasic was reported in Vigliocco, Butterworth, Semenza, and Fossella (1994) . For the agrammatic patient, these authors obtained an effect of distributivity: There were more errors in the multiple token condition than in the single token condition. Interestingly, the conduction aphasic showed no effect of distributivity. However, the result is limited to a single agrammatic patient and, according to the test results mentioned by the authors, a patient with a relatively mild impairment. It seems desirable to test a group of patients in order to examine whether any distributivity effect occurs consistently across individuals.
EXPERIMENT 1

Method
Participants
Participants were 8 aphasic patients, 6 males and 2 females, diagnosed as Broca's Aphasic on the Dutch version of the Aachener Aphasie Test (AAT) and 12 healthy control participants, 8 males and 4 females, matched in age and educational level to the group of Broca's aphasics. The mean age was 52, both for Broca's aphasics and for normal controls. Demographic information on the group of Broca's aphasics is supplied in Table 2 . Furthermore, Table 3 lists some relevant AAT scores. Table 3 shows that the group of Broca's aphasics had relatively spared comprehension and repetition skills. This is important, as the present task required them to (1) comprehend a complex NP and (2) repeat and complete the NP.
Materials
Experimental materials were sentential fragments consisting of subject NPs followed by Prepositional Phrases (PPs). All experimental preambles had a singular head noun. The number of the local noun was varied. Thus, there were two versions of each item: one with a singular local noun (the number match or control condition) and one with a plural local noun (the number mismatch or experimental condition). Each participant received only one version of each preamble.
Notice that distributivity applied only to singular head noun and plural local noun sentential preambles, where it is possible to contrast a singular to a plural reading of the sentential subject (e.g., one single baby on several blankets or a label for each of several bottles); for items with a singular head noun followed by a singular local noun the preferred reading is congruent with the syntactic characteristics of the subject (e.g., one road to the island or one label on the bottle). A complete listing of materials is provided in Appendix A.
The preferred semantic reading of a larger set of preambles with plural local nouns (i.e., single or multiple token) was evaluated by 10 independent judges, all native speakers of Dutch. Only those items classified as single or multiple token by at least 7 judges were included in the experiment. This test left us with 24 items: 12 judged as single token and 12 judged as multiple token.
Each preamble consisted of the same number of words (five). The number of syllables was on average higher in the single token set than in the multiple token set (7.6 vs. 7.0). This Note. The column labeled Experiment shows in which experiment(s) these participants were tested. difference was not significant (t(22) ϭ 1.47; p ϭ .157). Experimental items all contained head and local nouns of the nonneuter gender. Nonneuter nouns require the determiner ''de,'' which is unmarked for number and can therefore be considered as parallel to the English ''the.'' There were also 36 filler items, 24 of which had the same syntactic structure as the experimental items, but had a plural head noun. Half of these had a singular local noun, the other half had a plural local noun. The remaining 12 fillers were simple NPs, consisting of a determiner, one or more adjectives, and a noun. Simple NP fillers were singular in six cases, and plural in the remaining six cases. In this way, the set of items a participant received (experimental items and filler items) was completely balanced for number of head noun and local noun. Filler items all had head nouns of the nonneuter gender.
We also coupled an adjective to each experimental and filler item. In the sentence types tested here, adjectives are not marked for number. Adjectives were selected by presenting preambles to eight normal subjects (graduate students from Nijmegen University) and requir- Note. The score on Spontaneous speech indicates, on a scale from 0 (very severe disturbance) to 5 (no or minimal disturbance), the syntactic structure of utterances. Scores of 1 and 2 indicate that no complex sentence structures were observed and that function words and inflections were missing.
ing them to complete them with an adjective. The most frequently supplied adjective was selected. This ranged from at least once to maximally four times of eight. If there were any ties, we chose the adjective we preferred (this happened eight times). Adjectives in the multiple and single token conditions did not differ with respect to number of syllables, number of characters, imagebility, frequency, and age of acquisition (norms for the latter three variables were taken from Van Loon-Vervoorn, 1985) .
Four 60-item lists were created. Each list consisted of 24 experimental items (6 single token items, 6 single token control items, 6 multiple token items, and 6 multiple token control items) and 36 fillers. In each list the experimental and filler items were organized in a pseudo-random order, with the constraint that the list started with four fillers and that no more than two experimental items followed each other. Across the four lists, each item occurred twice in the match condition and twice in the mismatch condition.
Procedure
The experimenter (R.H.) read each item aloud. First, he read the adjective and then he read the sentence fragment. The participant was requested to repeat the sentence fragment and complete it to a full sentence using a form of to be and the adjective. The main reason for presenting adjectives was to facilitate ease of sentence completion. 5 In those cases where the participant failed to repeat the sentence fragment correctly or when the participant explicitly asked for a repetition, the experimenter read the item again (including the adjective). A second repetition was only supplied on specific request of the participant. If the participant repeated the preamble correctly, supplied a verb, but had difficulties in recalling the adjective, the experimenter supplied the adjective.
Before the experiment started, at least three example items were presented. If the participant did not understand the task, more examples were provided until he did. If the participant was unable to repeat and complete five example items or more, the experiment was terminated.
6
Scoring
The tape-recorded sessions were first transcribed and responses were assigned to one of the following scoring categories: Correct responses were scored when the participant said the preamble correctly and produced a correctly inflected verb form in the completion. We allowed for correct sentence completions containing a different adjective, as well as a correct sentence completion with a verb other than to be. We also allowed for repetitions of part of the preamble. Agreement errors were scored when the utterance adhered to all criteria for a correct response, with one exception: The verb form was wrongly inflected for number. Number repetition errors were scored when the participant incorrectly reported the number of the sentential subject and then produced a verb form inflected correctly with the produced number of the subject. Repetition plus agreement errors were scored when the participant changed the number of the head noun but then the verb form mismatched in number with the produced subject. Finally, utterances were scored as miscellaneous responses when even after two or more presentations of the preamble the participant failed to report the preamble, omitted the subject noun or local noun, changed the preposition, changed the number of the local noun, produced a sentence with a postverbal subject, or produced an incomplete sentence. If two different utterances were produced in succession, only the first was scored. This included cases in which an agreement error was produced and immediately corrected.
Design
We conducted a global analysis of variance, with group (Broca's aphasics, normal controls) as a between-subjects variable. We also carried out separate analyses for each group. The number of agreement errors and the number of miscellaneous responses constituted the dependent variables for the statistical tests. The experimental factors orthogonally combined were (1) item type (single token, multiple token) and (2) number match (match, mismatch). The combination of these two factors yielded four conditions. Every participant received six items in each condition.
Results
For the group of normal controls (N ϭ 12), application of our scoring criteria yielded 230 (79.9%) correct responses, 50 agreement errors (17.4%), 7 miscellaneous responses 7 (2.4%), and 1 number repetition error (0.3%). For the group of Broca's aphasics (N ϭ 8), there were 83 correct responses (43.2%), 57 agreement errors (29.7%), 49 miscellaneous responses (25.5%), 2 number repetition errors (1.0%), and 1 (0.5 %) repetition/agreement error.
The distribution of responses in the different scoring categories for the experimental conditions is listed in Table 4 .
Let us first consider the control participants. Table 4 shows that agreement errors were most common (33) for multiple token preambles, while we found only 16 errors in the single token condition and respectively 1 error and no errors in the control conditions. This pattern of results is similar to the data Vigliocco et al. (1996b) obtained with the same items, with university students as participants (multiple token 52, single token 6, both control conditions 0). Now consider the distribution of responses for Broca's aphasics. Broca's aphasics also made more errors in the multiple token condition (24) than in the single token condition (17). However, there was a difference of similar magnitude between the two control conditions: Errors were more frequent in the multiple token control condition (13) than in the single token control condition (3). In other words, there does not seem to be an interaction between item type (MT, ST) and number match (match, mismatch).
The proportions of agreement errors in the different conditions are depicted in Fig. 1 . Figure 1 shows the proportion of agreement errors in the multiple and single token match and mismatch conditions. Proportions were calculated relative to the total number of observations in each cell. First consider the filled lines, which depict the error proportions for normal controls. The figure suggests that there is an interaction, so that there is a difference between the multiple and single token items in the mismatch condition, but not in the match condition. Now consider the interrupted lines, which depict the error proportions for the Broca's aphasics. These lines almost run parallel to each other. There appear to be main effects of item type and of number match, but no interaction.
These observations were confirmed in the statistical analyses. Because the normal controls produced zero agreement errors in the single token control condition, and only one agreement error in the multiple token control condition, an ANOVA that included those cells would not be appropriate. Therefore, in the global analyses, we analyzed the difference scores (number of errors in the mismatch condition minus number of errors in the match condition). It is essential to note that with the data cast in this format, an effect of conceptual number would be reflected as a main effect of item type. Further, if there is a conceptual number effect for the normal controls, but not for the Broca's aphasics than we expect a significant Group ϫ Item type interaction.
Thus, we conducted a 2 ϫ 2 repeated measures ANOVA on the difference scores, with group as a between-subjects variable with two levels (Broca's aphasics, N ϭ 8; Controls, N ϭ 12) and item type as a within-subjects variable with two levels (MT, ST). This analysis yielded no effect of group (F Ͻ 1), no effect of item type [F(1, 18) ϭ 2.06; MSE ϭ 2.06; p ϭ .168] but a significant Group ϫ Item type interaction [F(1, 18) ϭ 6.54; MSE ϭ 2.06; p ϭ .02]. This interaction shows that item type has a different effect for the two groups.
We also conducted separate analyses within each group. First, we conducted an analysis within the group of normal controls on the difference scores between the mismatch and match conditions. The sum of the differ-ence scores for normal controls was 32 in the multiple token condition and 16 in the single token condition. A repeated measures ANOVA with item type as a within-subjects variable with two levels (ST, MT) showed that the effect of item type was significant [F(1, 11) ϭ 16.00; MSE ϭ .67; p Ͻ .002]. Thus, normal controls show an effect of conceptual number. Second, we conducted a similar analysis on the difference scores for the Broca's aphasics. The sum of the difference scores was 14 in the single token condition and 11 in the multiple token condition. That difference was, however, far from significant [F(1, 7) Ͻ 1; MSE ϭ 1.71; p ϭ .584].
In sum, the overall analysis on difference scores show a significant interaction between group of participants and item type. Tests within each group confirm that there is an effect of item type for normal controls, but not for Broca's aphasics. Thus, normal controls show an effect of conceptual number, but normal controls do not.
Because there were sufficient numbers of agreement errors in each cell for the group of Broca's aphasics, we also performed an analysis in that group on the raw numbers of agreement errors for each participant in each condition, instead of with difference scores. We conducted a 2 ϫ 2 repeated measured ANOVA, with item type (ST, MT) and number match (match, mismatch) as within-subjects variables. With the data cast in this format, an effect of conceptual number is reflected by an interaction between these two variables, because there is conceptual plurality only in the multiple token mismatch condition.
The analysis on the raw numbers of errors showed a significant effect of item type [F(1, 7) ϭ 14.99; MSE ϭ .60, p Ͻ .01]. There were significantly more agreement errors in the multiple token and its control condition than in the single token and single token control conditions. The effect of number match was also significant [F(1, 7) ϭ 14.07; MSE ϭ 1.39; p Ͻ .01]. There were significantly more errors in the experimental conditions than in the control conditions. However, the Item type ϫ Number match interaction was far from significant [F(1, 7) ϭ .33; MSE ϭ .85; p ϭ .584]. This analysis thus confirms the findings from the analysis on difference scores: There is no effect of conceptual number for Broca's aphasics.
Somewhat surprisingly, there was a significant effect of item type for Broca's aphasics. To further explore the differences between the conditions, we conducted separate analyses comparing the number of errors for multiple token and single token items within each number match condition. In the condition with plural local nouns, there was no effect of item type [F(1, 7) ϭ 3.33; MSE ϭ .92; p ϭ .111]. In the condition with singular local nouns, however, the effect was highly significant [F(1, 7) ϭ 11.67; MSE ϭ .54, p ϭ .01].
We also conducted an analysis of variance on the number of miscellaneous responses for Broca's aphasics. There were more responses of that type in the single token conditions than in the multiple token conditions. This test revealed a marginally significant effect of item type [F(1, 7) ϭ 5.50; MSE ϭ .46; p ϭ .051]. There was no effect of local noun number nor was the interaction between these variables significant. We did not perform a comparable analysis with normal controls, because there were too few miscellaneous responses in that group.
Individual Data
The global analyses reported above established that conceptual number has a different effect within the two groups of participants. Normal controls show an effect of this variable, but Broca's aphasics do not. How consistent are these findings over individuals? Figure 2 shows the effect of distributivity for each individual. ''Effect'' refers here to the difference in error frequency between the multiple and single token conditions, with error frequencies in the respective control condition subtracted from each experimental condition. In other words, these are differences between the difference scores that were analyzed in the global ANOVAs. A positive effect thus indicates that items with a distributed reading elicited more errors than nondistributed items, when idiosyncratic effects of item type are controlled for. As is clear from the figure, 9 of 12 normal controls show a positive effect and 3 normal controls show no effect. The data are quite different for the Broca's aphasics: 3 of them show a positive effect, 3 show a negative effect, and 2 show no effect at all. In other words, there is a rather consistent positive effect with normal controls, but the effect for Broca's aphasics varies around zero. There is certainly not a stronger distributivity effect for Broca's aphasics, as might be predicted by the hypothesis that Broca's aphasics overrely on semantic information.
What about the effect of number mismatch (the ''attraction effect'') for each individual? Figure 3 shows the number of errors in the number mismatch conditions (single token and multiple token conditions) minus the number of errors in the number match conditions (the control conditions). As is clear from the figure, these effects are very similar in the two groups. All of the participants produced more errors in the mismatch conditions than in the match conditions, except for one Broca's aphasic and two normal controls, who had effects of zero. Furthermore, the size of the effect for Broca's aphasics lies completely in the range of the normals. It is certainly not the case that Broca's aphasics have an exaggerated attraction effect, as could be predicted from the hypothesis of a limitation in a dedicated syntactic resource.
In the experimental conditions, Broca's aphasics made subject-verb agreement errors on about 40% of all trials (ranging from 35% in the single token control condition to 50% in the multiple token condition). Are they simply guessing? That is not likely, because the group of Broca's aphasics performed rather well on the filler items, with plural head nouns (fewer than 8% agreement errors). Interestingly, there was no difference between filler items with number matching local nouns (7.1%) and those with number mismatching local nouns (7.4%). In other words, for items with plural head nouns there seems to be no effect of attraction. This finding, however, stands in good agreement with results obtained inter alia by Bock and Miller (1991) and , who found no attraction effect for items with plural head nouns.
Discussion
The present results can be summarized as follows: Both Broca's aphasics and normal controls are sensitive to the number marking of head and local noun in complex noun phrases. Both show an attraction effect with singular head nouns, that is, more errors when the local noun is plural than when it is singular. Both groups also show an effect of item type, that is, more errors with multiple token and multiple token control items than with single token and single token control items. However, there is a crucial difference: Normal controls show a significant interaction between the variables, so that most errors occur in the multiple token condition, the only condition in which conceptual number is plural, but grammatical number is singular. They take both syntactic and semantic information into account when constructing subject-verb agreement. Broca's aphasics on the other hand have additive effects of item type and number. In other words, Broca's aphasics are not sensitive to a mismatch between conceptual and grammatical number. They do not take semantic information into account when constructing subjectverb agreement. This confirms our prediction derived from the theory that Broca's aphasics suffer from a pathological reduction in resources which are applied both for syntactic and semantic processing.
However, there are a number of objections one can raise against this interpretation of the results. First, what remains unclear is whether Broca's aphasics have a limitation in their ability to comprehend distributed noun phrases. Obviously, if the aphasics did not understand the implied plurality of the grammatically singular head noun in multiple token items, there would be no conceptual plurality to drive agreement errors. This consideration will be dealt with in Experiment 3. Second, the data in Experiment 1 elicited a number of concerns that need to be dealt with. One of these concerns is the main effect of item type with Broca's aphasics (more agreement errors in the multiple token condition and multiple token control condition than in the single token and single token control condition). What can explain this finding? Furthermore, why is there a (marginally significant) main effect of item type on the number of miscellaneous responses with Broca's aphasics (more miscellaneous responses in the single token than in the multiple token condition)? It is conceivable that these two effects are related to some idiosyncratic characteristics of the particular items used in the experiment, such as the plausibility of each item. We know from a previous study with (almost) the same materials (Vigliocco et al., 1996b , Experiment 1) that some of the conditions differed with respect to plausibility. Given these concerns and the relatively small number of observations we felt it important to replicate the experiment with a new set of materials, that were more balanced with respect to that variable, so that we can establish the robustness of our findings.
EXPERIMENT 2
Experiment 2 served to replicate Experiment 1 with a larger group of participants and with different materials. The materials were the same as the ones used in Vigliocco et al. (1996b; Experiment 2) , with a small number of improvements. Just as in Experiment 1, we presented a number of sentence fragments that had to be repeated and completed. Again, we varied item type (multiple token, single token) and number match of the head and local nouns (match, mismatch). Only in the multiple token, number mismatch condition did items have a conceptually plural reading.
Method
Participants
Sixteen healthy normal controls, 7 males and 9 females, and 12 aphasic patients, 9 males and 3 females, participated in this experiment. Six of the aphasic patients (NU, FR, HA, LO, and TH) also participated in the previous experiment. However 1 patient (KL) was later excluded from the present experiment, because she appeared rather distracted during the session and did not produce any verb in the singular in the experimental items of the production experiment. We considered that a strategy.
The interval between the two experiments was more than 1 year. The aphasic patients were all diagnosed as Broca's aphasic on the Dutch version of the AAT. As can be seen from the AAT scores, supplied in Table 3 , the group of Broca's aphasics has relatively spared comprehension and repetition skills. Demographic information on the group of Broca's aphasics is supplied in Table 2 . Time postonset varied from 1 to 19 years, with an average of 9 years. The aphasic patients were on average 55 years old (range: 31-71). Normal controls were on average 57 years old (range 25-72). Normal controls were matched with respect to educational background to the group of Broca's aphasics.
Materials
Experimental materials were sentential fragments consisting of subject NPs followed by PPs. All experimental preambles had a singular head noun. The same items were used as in Experiment 2 of Vigliocco et al. (1996b) , with some slight adaptations; in adapting the items, we avoided long, multisyllabic words and words with complex consonant clusters, because agrammatic patients often have problems in repeating such words. The preferred semantic reading of the preambles (single token or multiple token) was evaluated by 11 independent judges, all normal adults and native speakers of Dutch. We included the items only if they were classified as single or multiple token by at least nine judges. 8 All of the items satisfied this restriction. There were 24 experimental items: 12 judged as single token and 12 judged as multiple token. The number of the local noun was varied, so that there corresponded a control item with a singular local noun to each experimental item. A complete listing of the items used is provided in Appendix B.
Each preamble consisted of the same number of words (five). The two sets of items (single token and multiple token) did not significantly differ from each other with respect to the average number of syllables [t(22) ϭ .54; p ϭ .596]. Experimental items all contained head and local nouns of the nonneuter gender.
There were 36 filler items, 24 of which had the same syntactic structure as the experimental items, but had a plural head noun. Half of these had a singular local noun, the other half had a plural local noun. The remaining 12 fillers were simple NPs, consisting of a determiner, one or more adjectives, and a noun. Simple NP fillers were singular in 6 cases and plural in the remaining 6 cases. In this way, the set of items a participant received (experimental items and filler items) was completely balanced for number of head noun and local noun. Filler items all had head nouns of the nonneuter gender.
We also coupled an adjective to each experimental and filler item. In the sentence types tested here, adjectives are not marked for number. Adjectives in the multiple and single token conditions did not differ with respect to number of syllables, number of characters, imagebility, and age of acquisition (norms for the latter two variables were taken from Van Loon-Vervoorn, 1985) .
Four 60-item lists were created. Each list consisted of 24 experimental items (6 single token items, 6 single token control items, 6 multiple token items, and 6 multiple token control items) and 36 fillers. In each list the experimental and filler items were organized in a pseudo-random order, with the constraint that the list started with four fillers and that no more than two experimental items followed each other. Across the four lists, each item occurred twice in the number match condition and twice in the number mismatch condition.
Procedure
The procedure was the same as in Experiment 1, with the exception that the preambles were read by another experimenter (W.H.).
Scoring
Tape recordings were transcribed and assigned to the same scoring categories as in the previous experiment. Two raters scored transcriptions independently and then discussed any cases in which their scores were different until consensus was reached.
Design
The design was identical to that of the previous experiment.
Results
For the group of normal controls (N ϭ 16), application of our scoring criteria yielded 296 (77.1%) correct responses, 65 (16.9%) agreement errors, 11 (2.9%) repetition errors, 0 repetition/agreement errors, and 12 (3.1%) miscellaneous responses. The Broca's aphasics (N ϭ 11) produced 145 (54.9%) correct responses, 76 (28.8%) agreement errors, 9 (3.4%) repetition errors, 2 (0.8%) repetition/agreement errors, and 32 (12.1%) miscellaneous responses. The distribution of responses is listed in Table 5 .
Let us first consider the results obtained with the normal controls. As is clear from the table, agreement errors were most common (33) in the multiple token condition, whereas only 17 errors were found in the single token condition. In the multiple token control condition, 7 errors were found and in the single token control condition we obtained 8 errors. The data pattern for the Broca's aphasics is quite different. Agreement errors were less common in the multiple token condition (19) than in the single token condition (27). In the multiple token control condition 14 agreement errors were found and in the single token control condition we obtained 16 errors.
In Fig. 4 , we plot the error proportions for both groups of participants. The figure clearly shows an interaction between number match and sentence type for normal controls: This suggests an effect of distributivity. The Broca's aphasics show no distributivity effect. They made more agreement errors than the normal controls, but interestingly they made more errors in the single token conditions than in the multiple token conditions, a finding that reverses the direction of the effect in Experiment 1.
Because in this experiment, as opposed to the previous one, there were agreement errors in each cell of the design, we conducted analyses on the number of errors for each participant. We conducted a 2 ϫ 2 ϫ 2 repeated measures ANOVA with group as a between-subjects variable with two levels (normal controls, Broca's aphasic) and number match (match, mismatch) and item type (single token, multiple token) as within-subjects variables. This analysis showed a significant three-way interaction [F(1, 25) ϭ 5.00; MSE ϭ .72; p ϭ .034]. This significant three-way interaction implies that the interaction pattern between number match and item type is different for the two groups of participants.
We also conducted separate analyses for each participant group. These were 2 ϫ 2 repeated measures ANOVAs, with number match and item type as within-subjects variables. For normal controls, the effect of item type was close to significance [F(1, 15) For the Broca's aphasics, there were actually more agreement errors in the single token and single token control condition (43) than in the multiple token and multiple token control conditions (33) . This is the reverse of the pattern obtained in Experiment 1. However, the effect of item type was not significant [F(1, 10) What about results at the individual level? Figures 5 and 6 show individual plots for the distributivity effect (Fig. 5) and for the attraction effect (Fig.  6 ), analogous to Figs. 2 and 3. Figure 5 shows that a majority of normal controls have a positive effect of distributivity. Ten of 16 normal controls have a positive effect, 4 have a null effect, and the remaining 2 have a negative effect. The Broca's aphasics, on the other hand, show individual effects much more centered around zero: Four of them have a positive effect, 1 has a null effect, and the remaining 6 have a negative effect. It is interesting to notice that if we compare Fig.  5 with Fig. 2 and focus on the five aphasic patients that participated in both experiments, we see that four of them (NU, FR, HA, TH) have an effect in the second experiment in an opposite direction from that in the first experiment. This strengthens our conviction that any individual distributivity effects (positive or negative bars) obtained for the Broca's aphasics reflects sampling noise rather than an individual trait. By considering the data at the group level, the sampling noise is averaged out.
What about the effect of attraction? Figure 6 shows that the majority of Broca's aphasics (7/11) and of normal controls (13/16) show a positive attraction effect. Two Broca's aphasics actually produce more errors in the match conditions. The remaining participants (1 Broca's aphasic, 3 normal controls) show no attraction effect. These results are very similar to the results obtained in Experiment 1.
Discussion
The second experiment replicated the first with respect to the most important finding: There was a significant effect of distributivity for normal con- trols but not for Broca's aphasics. This replication constitutes a clear confirmation of our hypothesis. Once again, the data do not provide support for the predictions that could be derived from the hypothesis of a resource limitation in a dedicated syntactic resource (a relatively strong attraction effect). Further, the data do not support the prediction that could be derived from the hypothesis of impairments to specific syntactic operations (a relatively strong distributivity effect).
There are a number of aspects in the present data that deserve some attention. First, the present experiment shows that the effect of item type on the number of miscellaneous responses with Broca's aphasics (more miscellaneous responses in the single token conditions), which was obtained in Experiment 1, is not robust. In fact, in the present experiment the numbers of miscellaneous responses were approximately equally distributed across the conditions. Experiment 1 raised another concern: There was a main effect of item type on the number of agreement errors with Broca's aphasics. In fact, there were more errors in the multiple token condition and the multiple token control condition than in the corresponding single token conditions for the group of Broca's aphasics. Are multiple token items inherently more difficult? The present experiment had a different outcome: The single token items elicited on average more errors than the multiple token items, but this difference was statistically not reliable. Thus, multiple token items are not inherently more difficult. In our opinion, the different pattern of results in the two experiments with respect to the direction of the main effect of item type in the Broca's aphasics should be attributed to idiosyncratic characteristics of the different item sets (notice, once again, that one cannot closely match the single token items to the multiple token items with respect to variables such as the particular lexical items. That is, in fact, the purpose of including control conditions).
A further concern that might be raised is that the effects of distributivity are so weak that they are not detectable in Broca's aphasics. However, both of our experiments had sufficient power to detect significant interactions between group and item type. In other words, our conclusions are not based on null results but on positive evidence. Furthermore, if we compare the size of the effect with that in several published papers testing the effect of distributivity in various languages (Vigliocco et al., 1996a,b) , we notice that the effect of distributivity is of a similar magnitude. For instance, Vigliocco et al. (1996a) tested the effect of distributivity in Spanish. In Experiment 1, they found error percentages of 7% (single token) and 16% (multiple token). In an experiment which added a manipulation explicitly designed to increase the number of errors (presenting number mismatching adjectives) they found 13% agreement errors in the single token condition and 24% in the multiple token condition. In experiments in Dutch, conducted by Vigliocco et al. (1996b) , which also had manipulations explicitly designed to increase error rate, there were error percentages of 3% (single token) and 27% (multiple token) and 3% (single token) and 15% (multiple token). Now compare the normal controls in the present experiment, which did not have a manipulation to increase error rate. In Experiment 1 the percentage of errors was 22% (ST) and 46% (MT) and in Experiment 2 the percentage was 18% (ST) and 34% (MT). Thus, the number of errors per condition is about twice as high in the MT condition as in the ST condition for normal controls. This is comparable to the Spanish data. Further, the increase in absolute terms (24 and 16%) is comparable to the increase in the Dutch data. Thus, the effect is of at least a similar size as that in comparable published experiments.
One final concern, the concern that Broca's aphasics might have problems in comprehending multiple token preambles, is addressed in the next experiment.
EXPERIMENT 3: SENTENCE/PICTURE MATCHING TEST
The previous experiments showed that the normal controls have a strong effect of distributivity (more agreement errors when the conceptual number is plural and the grammatical number singular), but that the Broca's aphasics do not. We interpret this as the consequence of a resource limitation. However, there is an important alternative interpretation with which we have to deal with before we accept that conclusion. Could it be the case that Broca's aphasics have problems in comprehending distributed noun phrases? Suppose Broca's aphasics do not understand that in a sentence such as the label on the bottles, the subject noun refers to multiple instances of label. Then, our manipulation should fail to induce a conceptually plural interpretation for the distributive items. Thus, we should not expect to find an effect of distributivity.
To our knowledge, agrammatics' comprehension of complex NPs such as those used in the present study has never before been the topic of systematic investigation. However, Kolk and Friederici (1985) tested comprehension of sentences containing prepositional phrases, such as (7a and 7b) (7a) De pop is op het bed.
The doll is on the bed. (7b) Op het bed is de pop.
On the bed is the doll. Table V , p.55) reveals that in the conditions with nonreversible sentences such as (7a and 7b), very few errors were made by Dutch speaking Broca's aphasics, regardless of whether word order was canonical (7a) or not (7b). Because most of our experimental items are similar to the sentences in their nonreversible condition (for instance, the corresponding preamble in our experiment would be (7c)) we expect no comprehension difficulties with these items.
Inspection of Kolk and Friederici's data (their
(7c) De pop op het bed The doll on the bed However, Kolk and Friederici (1985) tested only sentences with singular subject and prepositional object nouns. Suppose Broca's aphasics do not understand the meaning of number inflections? That is unlikely. Haarmann and Kolk (1994) showed in an online word monitoring task that agrammatics are sensitive to violations of subject-verb agreement. If they encountered a subject-verb agreement violation, and the next word was the target for which they had to monitor, their reaction times were delayed.
Thus, it seems we can rule out the possibility that Broca's aphasics have problems with the comprehension of prepositions and number inflections. However, it is still possible that comprehension of a multiple token phrase poses difficulties. Therefore, we tested comprehension of single token and multiple token sentence fragments in a sentence/picture matching test. In this test, we requested the participants to point to one out of four pictures that corresponded to an auditorily presented sentence fragment. We presented three types of items: multiple token, single token, and fillers. Sentence fragments were varied with respect to number of the head and local nouns and pictures were varied with respect to the number of tokens of head and local noun referents.
Method
Participants
Participants were 16 normal control subjects and 11 Broca's aphasic patients. They were the same participants as in Experiment 2 (with the exception of aphasic participant KL, who was excluded from Experiment 2).
Materials
The test contained 108 items that each consisted of a sentence fragment and a combination of four pictures. The four pictures were arranged in a square grid (see Fig. 7 ). There were 36 multiple token items, 36 single token items, and 36 filler items. The single and multiple token sentence fragments were complex noun phrases, consisting of a subject NP and a modifying PP. Fillers were simple NPs consisting of a determiner, one adjective, and a noun.
The 36 multiple token items were based on nine sentence fragments that occurred in four different conditions, as exemplified in Table 6 . The four versions of each item were (1) singular head noun, plural local noun (SP); (2) plural head noun, plural local noun (PP); (3) singular head noun, singular indefinite local noun (SSindef); (4) singular head noun, singular definite local noun (SSdef). Notice that the SP sentence fragments are comparable to the multiple token sentence fragments in Experiments 1 and 2 and that the SSdef sentence fragments are comparable to the multiple token control fragments of those experiments.
An example of a multiple token picture combination is provided in Fig. 7 . Each picture combination in the multiple token conditions consisted of four pictures, that showed (1) multiple tokens of a single type (MTST), e.g., two bottles, each having the same label; (2) multiple tokens of multiple types (MTMT), e.g., two bottles, each with a different label; (3) a single token (figure) and multiple ''grounds'' that carry the figure (SFMG), e.g., two bottles, but only one with a label; (4) a single token (figure) and one ground (SFSG), e.g., one label on one bottle.
Single token sentence fragments occurred in four conditions, as exemplified in Table 6 . The conditions were (1) singular head noun, plural local noun (SP); (2) plural head noun, plural local noun (PP); (3) singular head noun, singular indefinite local noun (SSindef); (4) plural head noun, singular local noun (PS). The picture combinations consisted of four pictures in which the number of tokens of the referents of head and local noun was systematically varied. Thus, the four pictures showed (1) singular referent of head noun, plural referent of local noun (SP), e.g., one person with two cats; (2) singular referent of head and local noun (SS), e.g., one person with one cat; (3) plural referents of head and local nouns (PP), e.g., two persons with two cats; (4) plural referent of head noun, singular referent of local noun (PS), e.g., two persons with one cat.
The 36 filler sentences were simple NPs consisting of a determiner, one adjective, and a noun. Eighteen of these were singular and 18 were plural. Filler picture combinations occurred twice, once with a singular and once with a plural sentence fragment. Two of the pictures corresponded to the singular and plural versions of the sentence fragments and two were unrelated distractors. For instance, a filler item was the laughing snowman. The four pictures showed (1) one snowman; (2) two snowmen; (3) one pencil; (4) two pencils.
The picture combinations and sentence fragments were designed so that, conceivably, there is one sentence matching with each picture. However, it is very important to note that in the case of a multiple token item there is no unique ''correct'' response. For the most critical sentence fragments, the ones with singular head nouns and plural local nouns (SP) both the
FIG. 7.
Example of experimental picture combination in Experiment 3. Such a picture combination was presented four times in total, once with each of the following sentence fragments (translated to English): (1) the label on the bottles; (2) the labels on the bottles; (3) the label on the bottle; (4) the label on a bottle. MTST condition and the MTMT condition may be considered valid interpretations. 9 The main goal of the test, at least with respect to the multiple token items, is to establish whether the two groups of participants have similar interpretations of single token and multiple token items.
The experiment had two important features: First, it tested the preference for the kind of multiple token interpretation that is built up when hearing a multiple token fragment. In fact, does our mental representation contain multiple tokens of the same type or multiple tokens of a different type? Second, this test took into account the possibility that the participants, in particular the aphasic participants, comprehended the number of the head noun and the local noun, but were unable to integrate those elements into a satisfactory interpretation. In that case they might have been tempted to match a sentence in the SP condition (''the label on the bottles'') with a SFMG picture (e.g., Fig. 7a ).
10
The sentence fragments with singular head nouns and plural local nouns were judged by 11 raters with respect to distributivity. The fragments were classified as single token or multiple token if at least 9 of 11 judges agreed on this judgment. Nine items were thus classified as single token and nine as multiple token. None of these fragments was used in Experiments 1 or 2. The single and multiple token preambles are listed in Appendix C.
Each picture combination was presented four times, one with each of the four sentence fragments. The four presentations were presented in a random order. The position of the different picture types in each picture combination was also chosen at random.
Procedure
The sentence/picture matching task was administered after the participants had completed the production experiment (Experiment 2) with a short break between the experiments. The experimenter read each sentence aloud, and the participant was requested to point to the corresponding picture out of four alternatives. Each combination of four alternatives was presented on a separate sheet. The participants were instructed that sometimes more than one picture could be correct, but that only one alternative should be chosen, the one that fit the sentence best. If a participant first pointed to one picture and then to another, the final decision counted. Responses were circled by the experimenter on a score form.
Design and Analysis
We presented nine items in each sentence condition for each item type. Separate analyses were conducted for each item type: multiple token, single token, and filler items. We calculated a measure of agreement between the majority judgments of each group, Cohen's κ (Rietveld & Van Hout, 1993) . The κ statistic varies between 0 (no correspondence at all) and 1 (perfect agreement). This statistic is based on whether the majority of each group chose a picture that was ''consistent'' or ''inconsistent'' for each sentence fragment. It is important to note that the scoring categories were not the same for each of the item types. In fact, for each multiple token sentence fragment, two of the pictures can be considered consistent interpretations. Thus, we subdivided the responses for these items in the following manner. First, for sentence fragments with a plural local noun (SP and PP), both pictures with multiple tokens of one type (MTST), and pictures with multiple tokens of multiple types (MTMT) were considered ''consistent'' responses. Second, for sentence fragments with a singular local noun (SSdef and SSindef), the choice for each of the other two pictures (SFMG, SFSG) was considered ''consistent'' (see Fig. 7 ).
For each type of single token sentence fragment, only one picture of four was considered ''consistent'': the one that showed the correct number of exemplars of the referents of the two nouns. For the filler items, also only one picture of four was considered consistent. Thus, chance probability of choosing a consistent response was 0.5 for each item in the multiple token condition and 0.25 in the single token and in the filler conditions.
Results
In Table 7 , we list the percentages with which each multiple token sentence type was matched to a particular picture type, for both groups of participants.
As the table shows, the overall pattern is very similar for the two groups. For each sentence fragment condition, there were clear preferences for certain picture types, and the two groups have the same preferences. The most relevant condition for the purpose of determining comprehension of distributive phrases is the condition with singular head nouns and plural local nouns (i.e., these are the only ''real'' multiple token items). We have plotted the percentages responses for those items in Fig. 8 For multiple token items, both groups of participants most often chose a picture that showed multiple tokens of a single kind (e.g., the same label on all bottles). Somewhat surprisingly, the second most popular choice was that for the picture that depicted multiple backgrounds, but only one with a figure (e.g., two bottles, but only one with a label). This choice was made in 20.8% Note. The conditions were SP (singular head noun, plural local noun); PP (plural head noun, plural local noun); SSindef (singular head noun, singular local noun, with indefinite determiner); SSdef (singular head noun, singular local noun, with definite determiner). Response types were MTST (multiple token, single type); MTMT (multiple token, multiple type); SFMG (single figure, multiple grounds) ; SFSG (single figure, single ground).
FIG. 8.
Results for the multiple token, mismatch sentence condition in Experiment 3 (e.g., ''the label on the bottles''), expressed as proportions picture selections in each group. Picture types were: (MTST), e.g., a number of bottles, each with a label of the same type; (MTMT) e.g., a number of bottles, each with a label of a different type; (SFMG), e.g., a number of bottles, only one with a label; (SFSG) e.g., one bottle with one label.
of the cases by normal controls and in 25.3% of the cases by Broca's aphasics. That choice definitely constitutes a different interpretation than we intended. However, this choice is made about equally often in each group. Both groups also sometimes chose a picture showing multiple tokens of multiple kinds (e.g., a number of bottles, with different labels). Again, the groups showed similar percentages of choosing this option. Finally, in fewer than 10% of the cases, a picture was selected showing only one element (e.g., one bottle, with one label). This clear misinterpretation of the sentence fragment sometimes occurred in both groups of participants. In sum, distributive preambles were most often matched with a picture showing multiple tokens, and this held for normals (in 75%) as well as for Broca's aphasics (in 63.7%). It does seem that Broca's aphasics have a somewhat more noisy data pattern.
What kinds of pictures were selected in the other versions of the multiple token items? Table 7 lists the percentage of responses in each of the categories for the multiple token items. Clearly, in the conditions labeled PP, SSdef, and SSindef, the two groups of participant show very similar behavior. First, the distinction definite/indefinite seems to be relatively unimportant for both groups. In the case of SSdef, both groups almost always chose the picture with one figure on one background. In the case of SSindef, both groups also have a clear preference for the picture with a single figure on a single ground, but sometimes chose the picture with a single figure and multiple grounds. In the case of sentences with plural head and local nouns, both groups of participants tended to prefer multiple token pictures. However, whereas the normal controls had no clear preference for each of the two multiple token pictures, Broca's aphasics more often preferred multiple tokens of a single type.
The overall measure of agreement, κ, was 0.88 for the multiple token items, an excellent agreement between the (majority) judgments of the two groups. There were only two items in which the two groups differed: The majority of Broca's aphasics rated the stamp on the envelopes and the candle in the candlesticks as single token, whereas the normal controls rated them as multiple token.
The ratings of single token items also showed a strong overlap between the two groups of raters, as shown in Table 8 . The Broca's aphasics did rather poorly with the PS items (only 62.6% of the responses were ''consistent''). However, performance was much better for the SP and SSdef items, which are similar to the items tested in Experiments 1 and 2 (SP, 82.8%; SSdef, 91.9% correct). The κ statistic of agreement between the majority judgments was 0.89 for the single token items. On the filler items, normal controls chose the picture showing a singular object in 99.3% of singular sentences and chose the picture showing multiple objects in 99.3% of the plural sentences. These figures were 97.5 and 98.5%, respectively, for the Broca's aphasics. κ was 1 for the filler items. Note. Conditions were SP (singular head noun, plural local noun); PP (plural head noun, plural local noun); SSind (singular head noun, singular local noun, with indefinite determiner); SSdef (singular head noun, singular local noun, with definite determiner). Response types were SP (head noun singular referent, local noun plural referent); PP (head and local noun plural referent); SS (head and local noun singular referent); PS (head noun plural referent, local noun singular referent).
Discussion
The sentence-picture matching task tested a number of aspects of comprehension of sentence fragments consisting of a subject NP and a modifying PP. First of all, it is clear that the Broca's aphasics have no problems in distinguishing between singular and plural, as witnessed by the near perfect behavior on the filler items (containing one noun inflected for number). Furthermore, the excellent performance on the ST and MT items shows that when the sentence fragments are made slightly more complex (i.e., containing two nouns, both inflected for number), Broca's aphasics can distinguish which number goes with which noun. Although Broca's aphasics have a somewhat more noisy pattern of results than the control subjects, they still choose the ''consistent'' alternative in the majority of cases. The measure of agreement, Cohen's κ, indicates good agreement between the majority judgments of both groups.
What about the subtle semantics of multiple token items? The comprehension profile for (number mismatching) multiple token sentences was very similar for normals and Broca's aphasics, with the Broca's aphasics being slightly more ''noisy.'' However, all participants, except one control participant, sometimes chose an inconsistent picture. It is especially interesting to see that quite often the picture with a single figure on multiple grounds is chosen. This suggests that multiple token items are sometimes not understood, but this happened for normal controls about as often as for Broca's aphasics.
In sum, the Broca's aphasics show the same basic pattern of comprehension for distributive sentences as normal controls. In fact, both groups have a preference for a multiple token interpretation, especially for multiple tokens of a single type. Although the Broca's aphasics sometimes chose the distractor with one token and multiple backgrounds, the normal controls often did so too. Furthermore, the two groups of participants show similar comprehension profiles for single token items (with the exception of the PS items). From this experiment we conclude that Broca's aphasics have a largely spared ability to comprehend complex noun phrases with two nouns that may or may not differ in number and in which the relationship between head noun and local noun may be distributive or not.
GENERAL DISCUSSION
Our experiments can be summarized as follows. In Experiment 1, we showed that healthy adults, when presented with a sentence fragment with a singular head noun and a plural local noun, make more agreement errors upon completing that fragment when the fragment has a distributive reading. This effect of distributivity confirms earlier studies in Dutch with university students (Vigliocco 1996b ). Broca's aphasics on the other hand showed no effect of distributivity. Although it is true that the aphasic group made more errors in the condition with a distributive reading (the multiple token condition) than in the single token condition, a similar difference was observed in the corresponding control conditions. In Experiment 2, the main finding from Experiment 1 was replicated with a larger group of Broca's aphasics. Again, the normal controls showed an effect of distributivity, but the Broca's aphasics did not. Finally, in Experiment 3, we tested the auditory comprehension of complex noun phrases, such as the ones used in the first two experiments, in a picture/sentence matching task. This experiment clearly showed that (1) Broca's aphasics are sensitive to morphophonological marking of number; (2) Broca's aphasics are still sensitive to number marking when there are two nouns, a head noun and a local noun, that may carry different numbers; (3) Broca's aphasics and normal controls have similar comprehension profiles, both for single token and for multiple token items. In fact, given a multiple token preamble with singular head noun and plural local noun, both groups most often prefer a picture showing multiple tokens of the referent of the head noun. This comprehension test importantly contributes to a validation of our sentence production results, because it provides evidence against the possibility that the difference between Broca's aphasics and normal controls on the production task results from a difference in comprehension.
We will now discuss a number of concerns about the interpretation of the results of the production experiments. Then in the next section we discuss the implications of our findings. To begin with, in Experiment 1, there was a relatively large number of miscellaneous responses in the single token conditions for the Broca's aphasics. Could it be that because of this unbalance, a possible effect of distributivity is disguised? We do not think so, because in Experiment 2 that unbalance was no longer a problem. In fact, the miscellaneous responses occurred about equally often in all the experimental conditions of Experiment 2, but there was still not a trace of a distributivity effect with Broca's aphasics.
Another concern was that for the Broca's aphasics we obtained a main effect of item type in Experiment 1. The Broca's aphasics made more errors in the multiple token and multiple token control conditions than in the corresponding single token conditions. Are the multiple token conditions more difficult? That is not the case, because there was no effect of item type in Experiment 2, in which we used different materials. In fact, the means were in the opposite direction in that experiment (more errors in the single token conditions). In our opinion, the significant main effect in Experiment 1 should be attributed to idiosyncrasies in the sentence material. As mentioned before, it is very difficult to match items in the single token condition to items in the multiple token condition on every potentially relevant variable. Out of necessity, these are different items.
It should further be noted that the interpretation of Experiment 1 might be troubled by another concern. This concern follows from the fact that normal controls made almost no agreement errors in the number match conditions (zero in the single token match condition and one in the multiple token match condition). That might make one suspicious that the distributivity effect with normal controls is really the result of a floor effect; because of that floor effect an interaction between item type and number match is obtained instead of a main effect of item type. However, that concern can be discarded on the basis of Experiment 2. In that latter experiment, the normal controls did produce agreement errors in both of the number match conditions but there was no difference between these two conditions. Further, as mentioned before, there was no longer a main effect of sentence type for the Broca's aphasics in Experiment 2.
There is one final hesitation about Experiments 1 and 2 that needs to be discussed. This hesitation entails the fact that Broca's aphasics might not have used number information (grammatical or conceptual) but rather supplied infinitives. In Dutch, the third person plural, present tense verb is morphophonologically indistinguishable from the infinitive. That would explain the low error rate in the filler items with plural head nouns and the high error rate in most of the experimental conditions. However, it would not explain the low error rate in the single token control condition, where re-sponding with an infinitive would lead to an agreement error. In addition, there is another reason that makes this an implausible suggestion: In constructions with the infinitive form in Dutch, one tends to put the verb clausefinally. Kolk and Heeschen (1992) showed that Broca's aphasics placed almost all nonfinite verbs clause-finally and almost no finite verbs clausefinally. Therefore (8) is a plausible agrammatic utterance.
(8) De man boos zijn
The man angry be If Broca's aphasics were really using infinitive forms, they would have tended to reverse the order of adjective and verb. In fact, this never happened.
In sum, two experiments show that in production both Broca's aphasics and normal controls are sensitive to the number marking of head and local noun in complex noun phrases. Both show an attraction effect with singular head nouns, that is, more errors when the local noun is plural than when it is singular. However, there is a crucial difference: Normal controls show an effect of distributivity, but Broca's aphasics do not. Thus, it can be argued that normal controls take both syntactic and semantic information into account when constructing subject-verb agreement. Broca's aphasics on the other hand are not sensitive to a mismatch between conceptual and grammatical number. They do not take semantic information into account when constructing subject-verb agreement. This confirms our prediction, derived from the theory that Broca's aphasics suffer from a pathological reduced capacity of resources which are applied both for syntactic and semantic processing. The data argue against the predictions derived from the hypotheses of a specific syntactic resource limitation or of an impairment in certain syntactic operations.
Implications
What are the implications of the present findings? To begin with, we have shown once again that the mechanism that constructs subject-verb agreement is not blind to the referential properties of the subject head. The clear distributivity effect obtained with the healthy adults constitutes a replication of findings reported in Vigliocco et al. (1996b) . Further, we have shown that such a distributivity effect does not occur in the group of Broca's aphasics, in support of the hypothesis that taking into account conceptual number is too resource-consuming for the latter group.
The lack of a distributivity effect with Broca's aphasics cannot be attributed to comprehension problems with distributed phrases. Experiment 3 showed that normal controls and Broca's aphasics tend to point to the same pictures when they have to chose the picture best matching with a multiple token sentence fragment. The data further show that the most common interpretation for a multiple token sentence is an interpretation of multiple tokens of the same kind. In itself, that is an interesting finding, because one might argue that in that sort of interpretation, there may be conceptual singularity. That would be the case if the head noun were considered to refer to the single type rather than to the multiple tokens. Given the effect of distributivity obtained in Experiments 1 and 2, the results in comprehension imply that the number of tokens in the discourse model interferes with agreement, not the number of types.
Our findings also have repercussions for the debate on the specificity of computational resources. Our data are compatible with the notion of more general verbal working memory resources (cf. Just & Carpenter, 1992; , used at least for semantic and for syntactic processing. A resource limitation leads to the inability of conceptual information (plurality of head noun referent) to influence the setting of a syntactic feature. The group of Broca's aphasics, having (ex hypothesi) fewer resources, drop conceptual number. Metaphorically, whereas normal controls use all the number information they can, Broca's aphasics use only the number information they need. Why do the Broca's aphasics use grammatical information and not conceptual information? As mentioned earlier, in Dutch, grammatical number always specifies correct agreement (as opposed to English, which sometimes allows a plural verb with collective nouns). Thus, syntactic information really provides the most valid cue, and thus it is that syntactic information is used at the expense of semantic information, in the face of a resource limitation. Notice that the assumption that the most valid cue (syntactic information) is used also holds for the reading experiment in which semantic information could help resolve a local syntactic ambiguity (Just & Carpenter, 1992 ). Low-span readers did not use the semantic information (animacy of the subject), which can be considered a less valid cue than phrase structure for the interpretation.
As mentioned before, the theory of a specific impairment of syntactic resources or of a deficit in specifically syntactic operations (Caplan & Waters, 1995; Martin, 1995; Martin & Romani, 1994) would make different predictions in the current experiment. A severe shortage of syntactic resources might lead to a too-fast decay of the subject noun number. It is known that local nouns with a different number than the subject noun exert an attraction effect. Thus, if the subject noun number is represented weakly, as might be hypothesized in agrammatic aphasia, there would be stronger interference from the local noun, which is produced more recently than the subject noun. That would result in an stronger than normal number attraction effect. An impairment in specific syntactic operations might lead to an overreliance on semantic information, as agrammatics show in comprehension (e.g., Caramazza & Zurif, 1976) . That would lead to an extremely strong effect of distributivity. Neither of these data patterns was obtained with Broca's aphasics. Instead, as predicted by the theory of a reduction in aspecific resources, subserving syntactic as well as semantic processes, we found an attraction effect within the normal range and no distributivity effect for Broca's aphasics, but a clear distributivity effect for normal controls.
